Methods: the NCBI (PubMed) and SciELO databases were consulted using the keywords Li-Fraumeni syndrome, Li-Fraumeni-like syndrome and pediatric cancer; and all manuscripts published between 1990 and 2014 using these keywords were retrieved and reviewed. Conclusion: although LFS/LFL is considered a rare disease, it appears to be substantially more common in certain geographic regions. Recognition of population-specific risks for the syndrome is important for adequate management of hereditary cancer patients and families. In Southern and Southeastern Brazil, LFS/ LFL should be considered in the differential diagnosis of children with cancer, especially if within the spectrum of the syndrome. Due to the complexities of these syndromes, a multidisciplinary approach should be sought for the counseling, diagnosis and management of patients and families affected by these disorders. Pediatricians and pediatric oncologists in areas with high prevalence of hereditary cancer syndromes have a central role in the recognition and proper referral of patients and families to genetic cancer risk evaluation and management programs.
introduction
Cancer is one of the leading causes of death in children between the ages of 0 and 14 years, second only to trauma. 1 As compared with adult tumors, pediatric cancers generally exhibit lower latency periods, rapid growth and more aggressive behavior. However, they are more responsive to treatment, and the prognosis is usually good. [2] [3] [4] [5] In Brazil, the National Cancer Institute estimates that approximately 11,300 new cases of cancer have been diagnosed in patients under the age of 19 years in the year 2012, which accounts for approximately 3% of all malignancies diagnosed in the country. The most common neoplasms in childhood (in Brazil and worldwide) are leukemias, lymphomas, and central nervous system tumors. 6 A diagnosis of pediatric cancer must prompt the hypothesis of a hereditary cancer predisposition syndrome in the family, particularly if there are concurrent congenital abnormalities or positive family history of cancer. Genetic conditions that may be associated with a higher risk of cancer in childhood include: genodermatoses (i.e. neurofibromatosis type 1 and tuberous sclerosis), overgrowth syndromes (Beckwith-Wiedemann and Proteus syndromes) and adult cancer syndromes which include increased risk to cancer in infancy, childhood and adolescence, such as Li-Fraumeni syndrome (LFS) and its variant -Li-Fraumeni-like syndrome (LFL). 7 Approximately 5-10% of all tumors are associated with inherited high-penetrance mutations in cancer predisposition genes. However, an even higher proportion of pediatric cancers may be associated with a familial history suggestive of hereditary cancer. Indeed, in a recent study, conducted by our research group in Southern Brazil, criteria for LFS/LFL were observed in 25% of a consecutive series of pediatric patients with tumors of the LFS/LFL spectrum. 8 Several genes associated with cancer predisposition syndromes have been identified in recent years, and specific diagnostic tests have become available. In this new context, pediatricians can expect to be asked more questions on the risks of these genetic syndromes, as well as on management and reduction of cancer risk in affected children. 7 Therefore, the present article seeks to provide a comprehensive and up-to-date review on Li-Fraumeni/ Li-Fraumeni-like syndromes.
Methods
The NCBI (PubMed) and SciELO databases were consulted using the keywords Li-Fraumeni syndrome, Li-Fraumeni-like syndrome and pediatric cancer and all manuscripts published between 1990 and 2014 using these keywords were retrieved and reviewed. review Li-Fraumeni (LFS) and Li-Fraumeni-like (LFL) syndromes Li-Fraumeni syndrome (LFS; OMIM #151623) is a clinically heterogeneous hereditary cancer predisposition syndrome characterized by an autosomal dominant inheritance pattern, diagnosis of various tumor types at a young age, multiple primary tumors, and a characteristic family clustering pattern of a core spectrum of cancers (core tumors including: bone and soft-tissue sarcomas, central nervous system tumors, leukemia, adrenocortical carcinoma, and breast cancer).
9,10 LFS is distinct from other hereditary cancer syndromes in that it is associated not with one (or a few) specific type(s) of cancer, but with a broad spectrum of tumors.
Other cancer types have been detected in LFS families and included in some of the diagnostic criteria including bronchioloalveolar carcinoma, prostate cancer, pancreatic cancer, germ cell tumors, and melanoma. 11, 12 The diagnosis of cancer follows a bimodal distribution, with many diagnoses before the age of 10 and a second peak between the ages of 30 and 50 years.
Additional tumor types (ovarian, endometrial, esophageal, gastric, colorectal and thyroid cancer, choroid plexus carcinoma, lymphomas and Wilms' tumor) have been associated to a lesser extend to LFS and also to Li-Fraumeni-like syndrome (LFL), classified according to the Birch, Eeles 1 and Eeles 2, Chompret or modified Chompret criteria. In LFL, average age at cancer diagnosis is older than seen in LFS. Currently used criteria to suggest these diagnoses are summarized in Table 1 .
TP53 is the only gene that has been associated with LFS/LFL. 13 The mean age at diagnosis of cancer in patients with LFS and germline TP53 mutations is 25 years, and the cumulative risk of cancer by the age of 30 is 50%, exceeding 90% by age 60. [14] [15] [16] The estimated penetrance of cancer in men with mutations in this gene is about 73%. In women, penetrance is complete (100%), possibly due to the high frequency of breast cancer.
In addition to the broad spectrum of LFS-related tumors, affected individuals are also at risk of developing multiple synchronous or metachronous primary tumors. In a study of 200 patients who had a single primary tumor at the time of enrollment and were recruited from 24 LFS families, 30 (15%) developed a second primary tumor, 8 (4%) developed a third primary tumor, and 4 (2%) developed a fourth primary tumor. 17 Other studies have shown that the odds of developing multiple primary tumors are tively), women with breast cancer (frequency around 7%), being most prevalent in the group diagnosed before 45 years, and among women with phyllodes tumors of the breast (frequency of 5.7%). 27, 28 Knowing these high rates in Southern and Southeastern Brazilian regions, a strategy is urgently needed to properly identify high risk patients from LFS/LFL families, especially among pediatricians. inversely proportional to age at diagnosis of the first tumor: the relative risk of a second tumor and confidence intervals (CI) were 83 (36.9-87.6), 9.7 (4.9-19.2), and 1.5 (0.5-4.2) for patients originally diagnosed at the ages of 0-19, 20-44, or ≥45 years respectively, and 5.3 (2.8-7.8) when data for all ages were pooled. Decreasing age at diagnosis has been observed in successive generations of carriers, [17] [18] [19] resembling the anticipation (Table 2 ). It has also been suggested that carriers of germline TP53 mutations are more susceptible to radiation-induced tumors. 17, [20] [21] [22] The incidence of LFS/LFL has been estimated at 1:2,000-5,000 in Europe and North America. 23, 24 However, in Brazil, case series of patients from the Southern and Southeastern regions suggest that a particular TP53 germline mutation, p.R337H, occurs at a frequency of 1 in 300 in the general population. 25, 26 It is exceedingly common among children with adrenocortical and choroid plexus tumors (approximate frequencies of 80 and 100%, respec- 
Clinical criteria Description
Classical LFS ( 25 Clinical diagnosis Clinical suspicion of LFS/LFL is raised by the diagnosis of tumors strongly associated with these syndromes. Any infant, child or adolescent presenting with adrenocortical carcinoma, choroid plexus carcinoma or anaplastic rhabdomyosarcoma, irrespective of a positive familial history of cancer must be investigated for the possibility of LFS or LFL. 29 In addition, cancer-affected children with a family history of LFS/LFL-spectrum tumors following certain pattern of ages at diagnosis, degrees of relatedness between cancer-affected relatives (fulfilling clinical criteria for these syndromes) indicates analysis of germline TP53 mutations. 10, [30] [31] [32] [33] A definitive diagnosis of LFS/ LFL is established only when a germline TP53 mutation is identified.
Assessment of a suspected LFS/LFL case
The first step in the assessment of a patient with suspected LFS/LFL should be a thorough analysis of the cancer family history in a pedigree including at least three generations. All reports of cancer in the family should be confirmed by medical records, pathology reports and/or death certificates. In addition to tumor type and site, the age at diagnosis and current age (or age at death) of each affected individual should be recorded. Differential diagnosis may include other hereditary cancer syndromes since some phenotypic features are overlapping among these (i.e. LFS/LFL vs. hereditary breast and ovarian cancer or breast and colon cancer syndrome in families with early onset breast cancer). 34 
Molecular diagnosis
The TP53 gene is located on chromosome 17 (17p13.1) and spans approximately 20Kb. It comprises 11 exons that encode p53, a transcription factor structurally defined by 5 domains. The DNA-binding domain is the site of over 90% of the somatic mutations observed in sporadic tumors and also of the majority of germline mutations. In Brazilian families fulfilling LFS/LFL criteria, a mutation outside the DNA-binding domain, in exon 10 (which encodes for the oligomerization domain) is the most common alteration. 35 Clinical criteria for LFS/LFL can be used to estimate the likelihood of germline TP53 mutations. Approximately 70% of families that meet criteria for classical LFS, 32 and 25% of those meeting the Chompret criteria (original Chompret and modified Chompret criteria, respectively), 25% of those meeting the Birch criteria and 14 and 8% of those meeting the Eeles criteria (Eeles 1 and Eeles 2 criteria, respectively) will carry germline TP53 mutations. [36] [37] [38] [39] The gold-standard method for detection of pathogenic mutations in patients fulfilling LFS/LFL criteria is sequencing of the entire coding region of the TP53 gene. Testing for gene rearrangements (large deletions and duplications) in TP53 should be considered in families whose phenotype elicits a strong clinical suspicion (for example: with multiple early onset tumors) and where sequencing of the coding region did not result in the identification of mutations; 40 supplemental methods, such as MLPA (multiplex ligation-dependent probe amplification), are required for diagnosis of gene rearrangements.
Genetic counseling and management of families with LFS/LFL
De novo mutation accounts for approximately 7% of patients with LFS/LFL-spectrum tumors diagnosed at a young age. 41 In this setting, siblings will be at a very low risk of the condition, although some risk exists due to the possibility of germline mosaicism for the mutation in one parent. The majority of persons with LFS/LFL, however, have multiple affected relatives, usually across two or more generations. The risk to siblings of a LFS/ LFL mutation carrier will depend on the parental genotype. If either parent is a carrier, the proband's siblings will have a 50% chance of having also the condition.
Once a TP53 mutation has been identified, the key focus of LFS/LFL management is attempted modification of cancer risk. Carriers of germline TP53 mutations, particularly mutations affecting the DNA-binding domain of p53, have a lifetime risk of cancer that exceeds by far the risks for the general population.
Although LFS/LFL is unquestionably associated with a higher risk of cancer, the potential risks and actual benefits of cancer screening strategies in these patients have not been established definitively. 34 The core benefits of cancer screening are based on the concept of early detection of tumors. Due to the diverse range of tumors found in the LFS spectrum, a thorough assessment of the cancer family history is essential, as established diagnoses in other family members has been used with caution to guide screening strategies for asymptomatic relatives.
Several cancer screening strategies for patients with LFS/LFL have been published in recent years, including the NCCN guidelines, and excellent management reviews in GeneReviews and Orphanet. In 2011, Villani et al. showed for the first time that a laboratory-and imagingbased screening protocol was able to detect tumors at very early stages in TP53 germline mutation carriers. This strategy had a significant impact on survival rates (100% in screened versus 21% in unscreened patients). 42 The screening protocol proposed for children involves abdom-inal pelvic ultrasound, urinalysis, and blood work every 3-4 months and whole-body and brain MRIs once a year (Table 3 ). This protocol was designed for subjects with high-penetrance TP53 mutations, such as the DNA-binding domain mutations. 
Psychological aspects
Pre-symptomatic genetic testing of children and adolescents is indicated whenever preventive interventions that require initiation before adulthood are available. 43 One of the concerns of predictive testing in cancer genetics, especially among children, are potential psychological adverse events.
Currently, the psychological effects of intensive cancer screening in TP53 mutation carriers are not clear. However, results from preliminary studies are encouraging and report psychological benefits from adherence to intensive screening practices in LFS families. 44, 45 The risks and benefits both of revealing and of withholding a clinical or molecular diagnosis of cancer predisposition have been the subject of extensive debate in the literature. [46] [47] [48] Psychological harm may be involved in issues such as increased worry about cancer risk, the need for periodic laboratory and imaging tests and the anxiety that precedes and follows them, and the burden of testing itself. Some studies have found that a passive, pessimistic coping style, low social aspirations, and precarious social support networks also have a negative impact on mutation carriers, as does negative perception of the disease and the risk of cancer itself. 49 However, during counseling of at-risk children, these psychological vulnerabilities can be identified before any diagnostic or therapeutic measures are taken, thus enabling prevention and mitigation of adverse psychological reactions. 50 Whenever possible, predictive genetic testing should be performed when the child has a bare minimum of maturity and understanding as to the nature of decision-making and its implications. In other words, as children's intellectual and psychosocial skills mature, they become increasingly capable of communicating and taking part in decisions that affect them. 43 Most authors believe that predictive genetic counseling and follow-up of minors is justified by the high risk of cancer in LFS/LFL and by the proven benefits of intensive screening. 17, 42 When predictive diagnosis is justified in children who are not mature enough to take part in the decision-making process, the child's parents must be supported throughout the testing process and also later on, when information regarding cancer risk is disclosed to the carrier child or adolescent. The literature has shown that adolescents and young adults usually regard genetic counseling as an opportunity to know the risks of hereditary cancer and support decision--making on aspects such as marrying and having children. 51 Several studies show that families with LFS/LFL tend to trust and comply with genetic counseling, as they feel safer when educated on the disease and able to understand the diagnosis and better cope with its outcome. 43, 50 Genetic counseling of LFS/LFL and bioethical aspects Genetic counseling for hereditary conditions is an educational activity that enables the exchange of information between professionals and patients (and, as necessary, their relatives). When properly informed, patients and their relatives are empowered to make better decisions. 52 Decision-making capacity is also related to individual psychological and moral development and to issues of voluntariness. The patient's affective relationships and personal system of values and beliefs are key elements in this process. 53 From the patient's standpoint, at least four factors must be taken into account during genetic counseling: the availability of choices; potential cognitive biases in the presentation of these choices; embedding of a particular decision within a broader moral framework, such as the patient's involvement with other family members; and the patient's own concerns. 3, 54 One bioethics issue is at the core of genetic counseling: conflict between the moral duties of warning family members of genetic risk versus the patient's right not to know. Once a mutation is identified in a patient, first-degree relatives will have a 50% chance of also being carriers, and many will be cancer-unaffected at the time of investigation. In current practice, the burden (moral duty) of informing other relatives of this risk, and providing initial information on the possible need for genetic investigation, usually lies with the index case. In this scenario, the repercussions of the patient's unwillingness to know are not restricted to immediate relatives, but may extend to other members of the family as well. 55, 56 Most patients understand they have a duty to inform their relatives themselves, but opinions are divided as to the duty of providers to warn family members if the patient fails to do so. 57 Other ethically complex scenarios emerge when the index case dies before test results become available, raising repercussions among living relatives, 58 or when patients who are aware of their testing results decide not to share them with the family, or die before they can do so. Ideally, an agreement should be reached before the test as to who may be informed of its results if one of the above situations arises.
Another point of ethical concern, which is particularly common in Brazil, is the performance of genetic testing within a research setting, but for purposes of patient care. Since the publicly-funded Unified Health System does not cover genetic testing for LFS/LFL and other cancer predisposition syndromes, genetic testing under the aegis of a research project is an alternative avenue for access to this information. In this setting, research support is "necessary" to enhance diagnosis. The providers involved in care of these patients must assess the extent to which patients are in a vulnerable situation and which clinical benefits they can derive from research involvement. The relationships between patient care and clinical research, between providers and their patients, between patients and their relatives, and between individual versus group benefits, as well as concerns related to individual and relational privacy, are increasingly the subject of ethical reflections and prompt questions as to how far these issues are taken into account during the provision of genetic counseling and patient care in hereditary breast cancer scenarios.
conclusion
Although LFS/LFL is considered a rare disease, affecting approximately 1 in 2.000-5.000 individuals worldwide, it appears to be substantially more common in Southern and Southeastern regions due to a specific TP53 founder mutation (p.R337H), present in 1 in 300 newborns. A recent study conducted in this region of Brazil suggests that 25% of children diagnosed with tumors of the LFS/ LFL spectrum fulfill criteria for genetic testing for the disease. Pediatricians should be aware of the possibility of LFS/LFL in: (1) children without cancer and with a family history fulfilling LFS/LFL criteria and (2) children with cancer, particularly those with tumors of the LFS/ LFL spectrum. A diagnosis of LFS/LFL have major repercussions for patients and their families, as the pattern of inheritance is well established, confirmatory genetic testing is available. Additionally, interventions designed to reduce the risk of cancers can be prescribed and have shown effectiveness in the early diagnosis of tumors, with significant impact on survival. Ideally diagnosis and genetic counseling for patients and families with suspected LFS/LFL should be undertaken by a multidisciplinary team. Pediatricians, pediatric oncologists and other health care providers involved with the care of children with cancer have a central role in the identification of individuals at high risk for cancer predisposition syndromes.
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resuMo
Câncer pediátrico e síndrome de Li-Fraumeni/Li-Fraumeni-like: uma revisão para o pediatra.
Introdução: o câncer é a segunda principal causa de morte em crianças com idades entre 0 e 14 anos, correspondendo a cerca de 3% de todos os casos diagnosticados no Brasil. Um percentual significativo (5-10%) dos cânceres pediátricos são associados a síndromes hereditárias para câncer, incluindo Li-Fraumeni/Li-Fraumeni-like síndro-mes (LFS/LFL), causadas por mutações germinativas no gene TP53. Estudos recentes têm demonstrado que uma mutação específica em TP53, conhecida como p.R337H, está presente em 1 em 300 recém-nascidos no Sul e Sudeste do Brasil. Além disso, um percentual significativo de crianças com tumores do espectro LFS/LFL na região têm uma história familiar compatível com a síndrome. Objetivos: revisão dos aspectos clínicos relevantes da LFS/LFL por equipe multidisciplinar, com foco no cân-cer pediátrico. Métodos: o NCBI (PubMed) e SciELO foram consultados, usando as palavras-chave síndrome de Li-Fraumeni, síndrome de Li-Fraumeni-like e câncer pediátrico. Todos os artigos publicados entre 1990 e 2014 usando essas palavras-chave foram recuperados e revisados. Conclusão: apesar de LFS/LFL ser considerada uma doença rara, ela parece ser mais frequente em certas regiões. Reconhecer os critérios e condutas para identificação de pacientes em risco para LFS/LFL é fundamental para o manejo adequado dos pacientes com câncer hereditários e suas famílias. Devido à complexidade dessas síndromes, a abordagem multidisciplinar deve ser realizada. Pediatras e oncologistas pediátricos em áreas com alta prevalência de síndromes hereditárias de câncer têm um papel central no reconhecimento e encaminhamento adequado dos pacientes e famílias para programas de avaliação do risco de câncer genético e de gestão.
Palavras-chave: síndrome de Li-Fraumeni, neoplasias, genes p53, aconselhamento genético, TP53.
references
